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Background

• IV fluids are the most commonly prescribed drugs in hospitals.

• Fluid therapy is a key component of the prevention and management 

of AKI and AKD.

• Historically, 0.9% sodium chloride (saline) has been the most 

commonly administered intravenous fluid.



Balanced Non-Balanced



Debate

Data suggest that intravenous saline may be associated with 

hyperchloremic metabolic acidosis, acute kidney injury, and death



Chloride-rich solutions may cause renal vasoconstriction and
ischemia resulting in AKI

• ↑ Cl→  vasoconstriction afferent arterioles

• Auto-regulation renal blood flow and GFR.

• The renal blood flow determines the GFR or 
the flow of plasma filtered into the kidney. 



Chloride-rich solutions may cause 
Hyperchloremic Metabolic Acidosis

Excess chloride→ ↓ bicarbonate

• When large amounts of chloride are infused:

• ↑ Cl- → ↓ bicarbonate maintain electroneutrality → metabolic acidosis

• This is specifically a normal anion gap (hyperchloremic) metabolic acidosis.



Yunos N. et al.  JAMA 2012

29-34% CKD

Balanced solutions vs normal saline →
↓  creatinine level (P = .03; adjusted P = .007) 

Normal saline

Balanced solutions



Yunos N. et al.  JAMA 2012

BalancedNormal saline

RRT use for 78 patients (10%; 95% CI, 8.1%-12%) vs 49 patients (6.3%; 95% CI, 4.6%-8.1%) 
(P = .005)



Yunos N. et al.  JAMA 2012

HR of 0.52 (95% CI, 0.38-0.72; P <.001)
HR 0.52 (95% CI, 0.35-0.76; P <.001)

no differences in long-term dialysis requirements and in non–renal medium-term outcomes or mortality, 
length of ICU stay

AKI stage 2-3

RRT



balanced-crystalloids vs saline → 
↓ plasma chloride > 110 mmol per liter
(24.5% vs. 35.6%, P<0.001)

balanced-crystalloids vs saline → 
↓ bicarbonate < 20 mmol per liter
(35.2% vs. 42.1%, P<0.001)

saline

saline

balanced

balanced

Semmler M et al. NEJM 2018

1020 ml (0-3500)

1000 ml (0-3210)



Semmler M et al. NEJM 2018

CKD 17%



Primary Outcome:
major adverse kidney event (first 

30 days)
balanced- crystalloids group vs 
saline → 

14.3% vs 15.4%
(marginal OR, 0.91; 95% [CI], 
0.84 to 0.99; 

Semmler M et al. NEJM 2018

1 patient among every 94
patients admitted to an ICU



Subgroup Analysis

Semmler M et al. NEJM 2018

Sepsis

Kidney function
Brain injury

Sepsis, 30-day in-hospital mortality  
25.2%  balanced  vs 29.4% saline 
(aOR 0.80; 95% CI, 0.67 to 0.97; P = 0.02).



10.3% vs 11.1% (p=.006) 2.5% vs 2.9% (p=.008)

Semmler M et al. NEJM 2018



Self W et al. NEJM 2018



First 72 Hours after Arrival in the Emergency 

sodium Chloride

potassium HC03 creatinine

BUN

Self W et al. NEJM 2018



Number of hospital- free days between

Self W et al. NEJM 2018

Median 25 days- Primary outcome no difference

Saline

Balanced

hospital-free days to
day 28, a composite of in-hospital death and
hospital length of stay defined as the number of



Incidence of Major Adverse Kidney Events within 30 days 
(MAKE30) 

Self W et al. NEJM 2018

Balanced vs saline →
↓ incidence of major adverse 
kidney events within 30 days than 
those in the saline group 
(4.7% vs. 5.6%;
aOR, 0.82; 95% CI, 0.70 to 0.95;
P = 0.01).

Secondary outcome



Higher benefit

Cre>1.5

CL>110

Self W et al. NEJM 2018



Resolution of AKI

Self W et al. NEJM 2018

KDIGO criteria for stage 2 or higher acute kidney injury (1274 patients) 

Resolution AKI

MAKE Balanced crystalloids (28.0%) vs saline group (37.6%) (P<0.001)



Metanalysis-
Lower 90-day mortality with buffered

• RR ↓1-9% risk of death

• Sepsis RR ↓ 1-14% risk of death

Hammond N et al. NEJM Evid 2022 

• ↓ mortality buffered crystalloids vs 0.9% 
saline RR of 0.96 (95% CI: 0.92–1.00)

Primary Outcome

Secondary Outcome

• AKI RR 0.96 (95% CI, 0.89 to 1.02) 

• RRT RR 0.95 (95% CI, 0.81 to 1.11)



KDIGO

Exception traumatic brain injury, or prevention tumor lysis, contrast-associated AKI 
(in whom 0.9% saline may be preferred)

The choice of buffered crystalloid may be influenced by availability and costs.



↓ 4% risk

↓ 7% risk

↓ 8% risk



Less Resource Utilization 

• Retrospective propensity matched 
analysis

• Plasmalyte-148 vs 0.9% saline
• Lower rates of mortality and AKI (↓ 5  times)

• Fewer fluid (L)

• Fewer arterial blood gas 

• Fewer lactate measurements

Shaw A et al. Ann Surg 2012 



Conclusions

• Balanced crystalloids better preserve renal physiology

• Evidence supports lower kidney complications

• Normal saline should no longer be default therapy

• Choose fluids as carefully as any medication

• The appropriate composition of a fluid may depend on the indication for its use 

and the condition of the individual patient


